Dipeptides as inhibitors of the gelation of sickle hemoglobin.
To examine in detail a class of peptides that inhibit the polymerization of deoxyhemoglobin S, we assayed the L-amino acids and 22 dipeptides for their effect on deoxyhemoglobin S solubility. Of the amino acids, the aromatics (phenylalanine, tyrosine, and tryptophan) significantly increased deoxyhemoglobin S solubility, as did high concentration of arginine. Combinations of the hydrophobic (specifically the aromatic) amino acids with a hydrophilic amino acid, such as arginine or lysine, resulted in dipeptides which were much more soluble than the hydrophobic or aromatic amino acid alone, and also inhibited polymerization. Furthermore, samples of deoxyhemoglobin S at 26 to 27 g/dl containing some of these dipeptides such as Arg-Trp, Arg-Phe, and Lys-Trp in excess of 50 to 100 mM did not polymerize, indicating a 1.4- to 1.6-fold increase in deoxyhemoglobin S solubility. The enhancement of polymerization, i.e., decrease in deoxyhemoglobin S solubility, observed by the addition of aspartic acid, glycine, or lysine was observed or was reduced in the dipeptides containing these hydrophilic amino acids combined with hydrophobic amino acids (valine, leucine, isoleucine, or the aromatic amino acids). The effects of these dipeptides on deoxyhemoglobin S solubility were mostly linear with concentration. However, the changes in deoxyhemoglobin S solubility by addition of a dipeptide was not simply the sum of the effects observed with the individual amino acids as exemplified by the differential effect of reversing the dipeptide sequence (e.g., Arg-Phe and Phe-Arg, or Arg-Tyr and Tyr-Arg). These data provide further evidence as to the stereospecific nature of this class of noncovalent inhibitors of deoxyhemoglobin S polymerization.